Background--Middle-aged adults with ideal blood pressure, cholesterol, and glucose levels exhibit substantially lower cardiovascular mortality than those with unfavorable levels. Four healthy lifestyle components-optimal body weight, diet, physical activity, and not smoking-are recommended for cardiovascular health (CVH). This study quantified associations between combinations of healthy lifestyle components measured in young adulthood and loss of the ideal CVH profile into middle age.
A dults who reach middle age with ideal blood pressure, cholesterol, and blood glucose levels (ie, the ideal cardiovascular health [CVH] profile) and without cardiovascular disease (CVD) enjoy exceedingly long life spans in good health [1] [2] [3] [4] [5] [6] [7] [8] [9] ; however, very few US adults retain the ideal CVH profile as they age. 10 The American Heart Association (AHA) identified 4 lifestyle components-optimal body mass index (BMI), diet and physical activity patterns, and nonsmoking status-as important components of CVH. 11 Studies have confirmed that persons who exhibit greater numbers of these healthy lifestyle components (HLCs) in adolescence 12 and young adulthood [13] [14] [15] are more likely to reach later adulthood with lower blood pressure, cholesterol, and blood glucose levels and favorable intermediate markers of CVD. Data are lacking on the benefit of the co-occurrence of specific combinations of HLCs in a subpopulation of young adults with physiological CVH at baseline. The objectives of this study were to quantify associations of (1) optimal classifications of BMI, diet, physical activity, and smoking status individually and (2) combinations of these 4 HLCs, as measured in early young adulthood, with loss of the ideal CVH profile into middle age.
Methods Study Sample
The Coronary Artery Risk Development in Young Adults (CARDIA) study is a population-based longitudinal cohort begun in 1985-1986 with 5115 young adults aged 18 to 30 years from 4 sites across the United States (Birmingham AL; Chicago IL; Minneapolis MN; and Oakland CA). 16 Participants were selected to include approximately equal distribution by sex, self-identified race (black and white), education (high school graduate or beyond), and age (18-24 or 25-30 years). Participants were reexamined 2, 5, 7, 10, 15, 20, and 25 years beyond initial recruitment, with retention of 91%, 86%, 81%, 79%, 74%, 72%, and 72%, respectively, of the original participants at those years. For the current analyses, participants who were pregnant (n=7, 0.1% of cohort), who did not meet criteria for the ideal CVH profile at baseline (n=2134, 41.7% of cohort), who were lost to follow-up (n=109, 2.1% of cohort), and who were missing HLC measurements at baseline (n=701, 13.7% of cohort) were excluded, for a final sample of 2164 participants (42.3% of the original cohort). The original CARDIA study was approved by the institutional review board at each of the 4 sites, and subjects gave consent to participate.
Definition and Assessment of the Ideal CVH Profile
The ideal CVH profile was defined according to AHA metrics 11 :
untreated blood pressure <120/80 mm Hg, untreated total cholesterol <200 mg/dL, untreated fasting blood glucose <100 mg/dL, and absence of diabetes or CVD (heart failure, stroke, or myocardial infarction). Blood pressure was measured at each examination after 5 minutes of rest in the seated position using a random zero sphygmomanometer; the averages of the second and third systolic and fifth phase diastolic recordings were used. 17 After a 12-hour fast, total cholesterol and glucose were measured at each examination using standard methods. 17 Participants self-reported medication use and clinical history of heart failure, stroke, or myocardial infarction; clinical events were validated through medical records, and medications were verified by visual inspection from year 15 onward. We defined the outcome of loss of the ideal CVH profile as no longer meeting ≥1 of these criteria at a given follow-up examination.
Definition and Assessment of Optimal HLCs and Demographic Covariates
BMI was calculated as the weight in kilograms divided by the square of the height in meters from height and weight measured with participants wearing light clothing and no shoes. Optimal BMI was defined as <25. We included BMI as a lifestyle component even though it reflects both lifestyle and genetic factors; it is considered a "behavioral" factor along with physical activity, diet, and smoking in the AHA definition of ideal CVH. Physical activity was measured with the CARDIA Physical Activity History questionnaire, which assesses 13 categories of varying intensity over the past 12 months calculated into weighted exercise units and has been shown to have excellent validity and reliability. 18, 19 Optimal physical activity was defined and examined in 2 ways: (1) as ≥300 exercise units, which corresponds most closely to the AHA goal of ≥150 minutes of moderate to vigorous activity per week, 20 and (2) as being in the top quartile of reported exercise units for the overall sample because %25% of US adults meet the AHA definition when activity is measured by accelerometer. 21 Dietary intake over the previous 28 days
was assessed with the CARDIA dietary history interview, 22 shown to have reasonable reliability and validity in white participants but less favorable psychometric properties in black participants. 23 Data collected were used to calculate the Alternate Healthy Eating Index (AHEI) score, which was developed based on foods and nutrients associated with lower risk of CVD and other chronic diseases in the literature, 24 and the AHA Healthy Diet Score. 11 Optimal diet was defined and examined in 2 ways: (1) as scoring in the top tertile on the AHEI score due to the known association of the AHEI with reduced all-cause and cardiovascular mortality 25 and (2) by meeting ≥2 components of the AHA Healthy Diet Score. We were unable to use the AHA goal of ≥4 components for optimal diet due to the low number of participants (n=95) meeting this goal. Cigarette smoking status was based on self-report. Optimal smoking status was defined as never smoking or having quit >12 months earlier. 11 Age, sex, race, and highest educational attainment were self-reported via questionnaire. All HLCs and demographic covariates were assessed in early young adulthood at study baseline.
Statistical Analysis
We assessed the associations between the 4 optimal HLCs and selected demographic characteristics with chi-square tests and between the 4 HLCs and baseline blood pressure, cholesterol, and glucose levels using simple linear regression. We used the log-rank test and Kaplan-Meier plots to compare preservation of the ideal CVH profile according to each individual HLC measured in early young adulthood. Cox proportional hazards regression models were used to estimate hazard ratios for loss of the ideal CVH profile over 25 years of follow-up based on optimal versus nonoptimal individual HLCs and then according to the 16 possible combinations of HLCs. Participants lost to follow-up (5% of this subsample) were censored at the time of their last study examination. Models were adjusted for baseline assessments of age, sex, race, education, study center, diastolic blood pressure, total cholesterol, and fasting glucose at the baseline examination. Models were created for the entire sample and then for men and women and for black and white participants. Finally, we determined the excess proportion of the ideal CVH profile loss events that occurred in each HLC combination stratum by taking the difference between observed and expected numbers of events over 25 years of follow-up and dividing it by the observed number of events during the same time period, using all 4 HLCs at study baseline as references.
Sensitivity Analyses
We performed a number of sensitivity analyses. We analyzed results including participants previously excluded due to elevated blood pressure values at the baseline examination who met criteria for the ideal CVH profile based on their blood pressure at year 2 (n=405). These analyses were performed to account for participants with elevated blood pressures at the initial examination due to discomfort with the study examination process. Next, we analyzed results using optimal diet, defined as meeting ≥2 AHA dietary components, and optimal physical activity, defined as being in the top quartile for exercise units for the overall CARDIA sample. We then stratified results by age at enrollment to assess for possible differences between lifestyle in late adolescence (age 18-24 years) and early young adulthood (age 25-30 years). Finally, we created 5 multiple imputation data sets to prevent reducing the generalizability by discarding participants with incomplete data (n=701). Each imputed data set was analyzed separately, and results were combined using Rubin's rules. 26 
Results
Baseline characteristics of the 2164 participants included in the primary analysis are displayed in Table 1 . Women had slightly lower blood pressure and glucose levels than men, and black participants had slightly higher systolic blood pressures and lower glucose levels than white participants (P<0.001 for all comparisons in unadjusted analyses). Overall, 73% of the total sample had optimal BMI, 67% had optimal smoking status, 59% reported optimal physical activity levels, and 35% had an optimal diet score at study enrollment. Optimal BMI was associated with optimal physical activity (P=0.001) and optimal diet patterns (P=0.002) at baseline. White female participants were the most likely and black female participants the least likely to have optimal BMI; black male participants were the most likely and black female participants the least likely to have optimal physical activity levels. The proportion of participants with optimal smoking status and dietary patterns did not differ significantly among the 4 race-sex groups.
Individual HLCs and the Ideal CVH Profile
The majority of participants (n=1737, 80.3%) lost the ideal CVH profile (ie, developed ≥1 unfavorable clinical risk factor or CVD) by the end of the 25-year follow-up. Median time to loss of the ideal CVH profile was 10 years (range 1-26 years). The most common reason was loss of ideal blood pressure (54.4% of participants). Young adults with optimal BMI ( Figure 1A ) and young adults with optimal smoking status ( Figure 1B ) had a lower probability of losing the ideal CVH profile as they reached middle age compared with young adults who were overweight/obese and young adult smokers.
No differences in loss of the ideal CVH profile was observed according to physical activity or diet classification assessed in early young adulthood ( Figure 1C and 1D) . In analyses adjusted for demographic factors, for the other HLCs, and for blood pressure, cholesterol, and glucose levels in early young adulthood, optimal BMI was associated with a 28% lower risk of loss of the ideal CVH profile through middle age (hazard ratio comparing optimal and nonoptimal BMI: 
Combinations of HLCs and Ideal CVH Status
The most commonly occurring combination of HLCs in early young adults was optimal BMI, smoking status, and physical activity (n=375, 17.3%), followed by optimal BMI and smoking status (n=302, 14.0%) and having all 4 HLCs (n=271, 12.5%) ( Figure 2 ). Only 3.2% (n=70) of the cohort had no HLC at baseline, but most of these participants (n=64, 91%) lost the ideal CVH profile by the end of the 25-year follow-up. Relative to young adults with no HLCs, those with all 4 HLCs were less likely to lose the ideal CVH profile (hazard ratio 0.59 [95% CI 0.44-0.80], P=0.0006). Any combination with optimal BMI and smoking status was similarly protective compared with having no HLCs (Figure 2 ). When analyses were restricted to the 1579 participants with optimal BMI, participants with optimal smoking status, diet, and physical activity had a lower likelihood of losing the ideal CVH profile compared with those with optimal BMI only (hazard ratio 0.75 [95% CI 0.59-0.96], P=0.048) ( Table 2) . When analyses were restricted to participants with optimal physical activity only, optimal diet only, or optimal smoking status only, similar benefits were seen, with increasing numbers of the other HLCs compared with these referent groups.
Finally, we calculated the event rate for loss of the ideal CVH profile per 1000 person-years of follow-up for each of the 16 combinations and the excess events attributed to each combination relative to the referent group of having all 4 HLCs in early young adulthood (Figure 3) . Participants who did not have optimal BMI, smoking, and physical activity status in early young adulthood had the highest proportion of excess loss of the ideal CVH profile and event rates over time.
Sex-and race-stratified analysis yielded similar results compared with the pooled analyses (Table 3) . Combinations including optimal BMI and optimal smoking status in early young adulthood were associated with reduced risk for loss of the ideal CVH profile in both sexes and both races, although results reached statistical significance only for black participants and for women. Sensitivity analyses including those who met criteria for the ideal CVH profile based on year 2 blood pressures and including those missing data on HLCs at baseline also had results similar to the main analytical sample (data not shown). In each of these analyses, a slightly higher percentage of participants lost the ideal CVH profile over time, Figure 2 . Hazards ratios (95% CI) for loss of the ideal cardiovascular health profile over 25 years of follow-up according to combinations of optimal healthy lifestyle components present in young adulthood at age 18 to 30 years. Hazard ratios are adjusted for age, sex, race, education, study center, diastolic blood pressure, total cholesterol, and fasting glucose at time of enrollment. Referent group is those without any healthy lifestyle components at baseline. BMI indicates body mass index; PA, physical activity. but the combination of having all 4 HLCs at baseline was beneficial compared with having no HLC at baseline. Reporting physical activity levels in the top quartile for the population was associated with reduced risk of loss of the ideal CVH profile compared with those in the bottom 3 quartiles (log rank P=0.035). Classification of optimal diet using the AHA guidelines and restriction of optimal physical activity to those reporting only the top quartile of physical activity units did not substantially change results for the analysis of combinations of HLCs. Results were similar for participants aged 18 to 24 versus 25 to 30 years at enrollment.
Discussion
Young adults in the CARDIA cohort who had optimal BMI and who were nonsmokers at the time of study enrollment (aged 18-30 years) were less likely to lose the ideal CVH profile as they aged over 25 years of follow-up. Optimal BMI and nonsmoking status were beneficial both alone and in combination with other lifestyle components known to promote maintenance of CVH. Relative to having no HLCs in early young adulthood, having all 4 HLCs was associated with a lower risk of developing abnormal blood pressure, cholesterol, glucose levels, or CVD. These findings were similar for all men and women and for black and white participants and were robust with adjustment for demographic factors and baseline levels of the components of ideal CVH. These findings add to the literature supporting the importance of healthy lifestyles for maintenance of CVH 13 and reduction or delay of atherosclerosis, 15 CVD events, [27] [28] [29] and mortality. [30] [31] [32] By assessing each HLC alone and in combination, our findings suggest that young adult BMI and smoking status may convey the strongest benefit for CVH. Nevertheless, because the literature clearly supports the importance of diet and physical activity for preserving healthy weight, 33 and because diet and physical activity were correlated with BMI at baseline, it may have been difficult to detect the additional benefit of diet and physical activity when assessed concurrently with BMI. Indeed, BMI is not itself a lifestyle behavior but rather a reflection of both lifestyle and genetic factors, and the other HLCs provided additional protection against the loss of CVH in those with an optimal BMI. This suggests that to maintain CVH, it is best to adhere to all aspects of a healthy lifestyle. Notably, the majority of young adults with all 4 HLCs at baseline lost the ideal CVH profile by middle age. This finding likely reflects the development of unhealthy lifestyle components over time. Spring et al recently reported that young adults in CARDIA who developed ≥1 unhealthy behavior during study follow-up had higher odds of developing coronary artery calcium and increased carotid intima media thickness by middle age. 15 In contrast, the 25% of young adults who adopted healthy lifestyle changes as they aged had lower risk of developing subclinical atherosclerosis. Consequently, although efforts to achieve a healthy weight and to abstain from smoking in early young adulthood are important for health maintenance, improvement in and acquisition of additional HLCs with age also has beneficial effects. These results should be interpreted in light of the limitations of our study. First, 28% of the original study participants did not complete the full 25-year follow-up; incomplete follow-up was more common among those with fewer HLCs at baseline. Because these participants were probably more likely to lose the ideal CVH profile over time, this likely caused underrepresentation of the magnitude of the difference between HLC groups. Second, not all combinations were equally prevalent, and the study may have been underpowered to detect differences for some of the less prevalent combinations, especially in the sex-and racestratified analyses. Third, diet, physical activity, and smoking were self-reported, and the variability in subjective measures of lifestyle components 18, 23 may have contributed to the weak associations between physical activity and diet and the ideal CVH profile. More accurate measurements of these components, such as those captured by accelerometer data or urinary metabolites, may have yielded different results. Furthermore, the diet scores that we used were not fully inclusive of all dietary factors predictive of CVD; however, adherence to these dietary patterns, high in fruits and vegetables and low in red meat, likely have healthy levels of other nutrients important for CVD risk, such as sodium. Fourth, HLCs were assessed at only a single time in early young adulthood, but CVH and related lifestyle factors are dynamic in nature, and many persons changed their lifestyle over time in the CARDIA study, as noted by Spring and colleagues. Finally, the composite of ideal blood pressure, cholesterol, and glucose is itself only a proxy for healthy aging and longevity. Further follow-up is needed to know which combinations of HLCs measured in early young adulthood predict lower cardiovascular mortality later in life.
Conclusion
Because behavior patterns become increasingly difficult to change as people age, reaching early young adulthood with the constellation of lifestyle components most protective of CVH is essential for healthy longevity. The importance of having healthy BMI and abstaining from tobacco use in early adulthood is foundational for current and future CVD prevention strategies and research linking health behaviors in younger cohorts with later life CVH. We speculate that preserving a healthy weight throughout childhood and adolescence, promoted by adhering to a healthy diet and recommended levels of physical activity, may strongly facilitate the maintenance of CVH into middle age.
